Exercise intolerance in heart failure  by Fowler, Michael B.
lACC Vol. 17, No.5 
April 1991:1073-4 
Editorial Comment 
Exercise Intolerance in 
Heart Failure* 
MICHAEL B. FOWLER, MB, MRCP, FACC 
Stanford, California 
Exercise limitation in heart failure. Exercise limitation by 
dyspnea, chest discomfort or leg fatigue is a prominent 
symptom in most patients with heart failure. Despite its 
importance, the precise pathophysiology of exercise impair-
ment remains unclear and many assumptions have proved to 
be incorrect or to provide only a partial explanation for the 
very varied exercise capacity found in patients with heart 
failure. For instance, there is no correlation between exer-
cise limitation and left ventricular ejection fraction at rest 
(1); some investigations (2), however, have reported a weak 
relation between right ventricular ejection fraction and ex-
ercise performance. Left ventricular end-diastolic pressure 
(usually measured during exercise as the mean pulmonary 
artery occlusive pressure) also has correlated with exercise 
duration in some (3) but not all (4) studies. Cohn's group 
from Minnesota (5) found an inverse relation between rest 
values for plasma norepinephrine and peak exercise perfor-
mance. Recently, research emphasis (6) has focused on 
peripheral adaptations (or maladaptations) to the chronic 
heart failure state that may contribute to exercise limitation. 
Thus exercise limitation in heart failure is a poorly under-
stood multifactorial pathologic entity that is probably not 
uniform among patients broadly classified as having heart 
failure (7). 
Systolic versus diastolic ventricular dysfunction. An at-
tempt to subclassify patients with heart failure according to 
the presence or absence of ejection fraction abnormality at 
rest has given rise to the concept of patients with systolic 
versus diastolic left ventricular dysfunction. In fact, diastolic 
dysfunction has long been recognized in myocardial failure. 
Myocardial performance is augmented in the presence of a 
depressed left ventricular function curve (the sine qua non of 
myocardial failure) by an elevated fiber length associated 
with an increase in left ventricular end-diastolic pressure. 
What is relatively new is the recognition given to diastolic 
function as an energy-consuming process, as opposed to 
simply a "passive" refilling of the ventricle. 
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The present study. In this issue of the Journal, Dalane 
Kitzman and coworkers (8) have specifically sought to 
examine the hemodynamic basis of exercise impairment in 
patients who were free from rest abnormalities in ejection 
fraction, but who had at least one episode of overt left 
ventricular failure. The origin of the left ventricular dysfunc-
tion in these patients was diverse. Four patients had sys-
temic hypertension, two had hypertrophic cardiomyopathy 
and one had cardiac amyloid. All had a normal ejection 
fraction at rest, and despite published claims (9) that "pure" 
diastolic dysfunction is a relatively common finding, it took 
2 years to recruit the seven patients through the cardiopul-
monary exercise laboratory at Duke. The patients' hemody-
namic response to upright exercise was compared with that 
of age-matched normal volunteers. Compared with the con-
trol population, the patients (characterized as having left 
ventricular "diastolic dysfunction" at rest) had a similar 
cardiac index, central arteriovenous oxygen difference, 
stroke volume index and heart rate but an increased pulmo-
nary occlusive pressure. During exercise, the patients had a 
significant reduction in exercise capacity, maximal myocar-
dial oxygen uptake and peak cardiac index. At maximal 
exercise, the end-systolic volume index did not differ be-
tween patients and control SUbjects. The patients did not 
show the initial increase in end-diastolic volume exhibited by 
the control subjects, although they had a greater increase in 
end-diastolic pressure during the graded exercise protocol. 
The peak heart rate also tended to be lower in the patients, 
but stroke volume was considerably reduced. Despite this, 
ejection fraction was not found to be significantly lower. The 
report (8) demonstrates that in these patients exercise limi-
tation was related to a failure to increase end-diastolic 
volume despite gross elevations in filling pressure (3). The 
stroke volume impairment that ensued reflected the failure of 
diastolic pressure to augment end-diastolic volume. Heart 
rate was lower, tending to maintain ejection fraction; never-
theless, systolic pump function failed (reduced cardiac out-
put and stroke volume) despite an ejection fraction that was 
not detected as being statistically lower than that of the 
control subjects. 
Implications. The authors (8) agree that it is somewhat 
surprising, and probably related to the age of the control 
subjects, that there was no reduction in end-systolic volume 
in the control subjects during exercise. In patients with a 
more typical mix of systolic and diastolic dysfunction at rest, 
stroke volume would also characteristically be lower at peak 
exercise. This would also result from a concomitant failure 
to fully augment diastolic volume for any given pressure 
increase, as well as a tendency to increase end-systolic 
volumes at peak exercise. Thus, the exercise limitation in 
patients classified as having systolic or diastolic dysfunction 
is related to a relative failure of the Starling mechanism. The 
importance of the study of Kitzman et al. (8) is to illustrate 
an extreme form of this phenomenon in patients in whom a 
marked increase in left ventricular compliance results in a 
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flat diastolic pressure-volume response curve. Their finding 
may have important implications for those seeking effective 
therapeutic agents to reduce or prevent the increase in 
compliance associated with left ventricular hypertrophy in 
hypertension, hypertrophic cardiomyopathy and ischemic 
heart muscle disease. 
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